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Abstract 
Environmental arguments centre on the need to reduce greenhouse gas (GHG) emissions for the sake of both the global and local 
environments. In this respect, the replacement of fossil fuels by biofuels in the transportation sector is necessary to help the 
reduction of GHG. Climate change impacts have spurred researchers and industry to look at alternate clean energy options. The 
concentration of CO2 in the earth’s atmosphere was about 280 parts per million by volume (ppm) in 1750, before the Industrial 
Revolution began. By 1994 it was 358 ppm and rising by about 1.5 ppm per year. If emissions continue at the 1994 rate, the 
concentration will be around 500 ppm, nearly double the preindustrial level, by the end of the 21st century. Carbohydrate 
biomass is considered as the future feedstock for bio ethanol production because of its low cost and its huge availability. 
 The major carbohydrate materials found in great quantities to be considered, is wheat bran, sugarcane bagasse and rape straw, 
which can be easily converted in to ethanol by following pretreatment either by acid or enzyme, hydrolysis and distillation 
process under feasible conditions. The effects of different pH and temperature with enzymatic saccharification treatment on 
conversion of these biomasses were studied. The produced glucose was fermented to bioethanol, using Saccharomyces cerevisiae 
yeast in combination with pentose fermenting enzymes as Pitchia stipititis and the amount of produced bio ethanol was measured 
by gas chromatography. Enzyme treatment at 30ºC and pH 5 is an effective treatment method for converting lignocelluloses to 
glucose. Up to 23.35% glucose v/v could be achieved after enzyme treatment from bagasse than others. Fermentation of treated 
lignocelluloses shown that glucose after 3 days fermentation the maximum bio ethanol of 19.25% (v/v) by Saccharomyces 
cerevisiae  and 26.75% (v/v) was attained in case of sugarcane bagasse by using Pitchia stipititis in combination with S. 
cerevisiae. This process is expected to be useful for the bio ethanol production from wheat bran, sugarcane bagasse and rape 
straw as a source of carbohydrate renewable biomass from abundant agricultural by product. 
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1. Introduction 
In the past few years there have been important advances in the field of alternative transportation fuels, primarily bio 
ethanol and biodiesel. Only biodiesel and bio ethanol are considered in this report due to their similar inherent 
properties compared to fossil-based fuels, especially auto ignitibility. There is a longer-term potential for other bio 
fuels such as biobutanol and biogas but little research effort has been seen in either regular or small engines. Bio 
ethanol is an alcohol, made by fermenting any biomass with a high content of carbohydrates through a process 
similar to beer brewing. Today, bio ethanol is made from starches and sugars. In the future, cellulose and 
hemicellulose fibrous material will be used. For the production of ethanol as bio fuels, pre-treatment is the initial 
process to degrade the biomass into carbohydrates, so that it may be converted in to monomers and latter on 
fermentation of sugars is the valuable process by which ethanol is obtained. Chemical treatment is generally used to 
remove lignin content of agro residues. Chemical pre-treatment by alkali or acid hydrolysis are common in paper 
and pulp industries to recover cellulose for paper production. These treatments tend to be expensive hence are not 
used for bioconversion purposes. Pretreatment with acid or alkali is common chemical method that has the effect of 
increasing the surface area of the agro-industrial residue due to the swelling and disruption of lignin. Pretreatment is 
the pre step to release the components of lignocellulosic biomass.  Agro- residues consist of lignocelluloses that is 
compact, partly crystalline structure consisting of linear and crystalline polysaccharides cellulose, branched non 
cellulosic and non-crystalline hetero polysaccharides (hemicelluloses), and branched (non crystalline) lignin [1]. 
During the process some of the compounds are formed which inhibits the direct fermentation, so it is necessary to 
remove them so that an efficient products form. Detoxification of dilute-acid lignocelluloses hydrolysates by 
treatment with Ca(OH)2 (over liming) efficiently improves the production of fuel ethanol, but is associated with 
drawbacks like sugar degradation and CaSO4 precipitation. In factorial designed experiments, in which pH and 
temperature were varied, dilute-acid spruce hydrolysates were treated with Ca(OH)2, NH4OH or NaOH. The 
concentrations of sugars and inhibitory compounds were measured before and after the treatments. The ferment 
ability was examined using the yeast Saccharomyces cerevisiae and compared with reference fermentations of 
synthetic medium without inhibitors [2].  
             Biodiesel is made by combining alcohol (usually bio ethanol) with vegetable oil, animal fat, or recycled 
cooking grease. These materials contain triglycerides and other components depending on type. Some of the 
feedstocks are palm oil, coconut oil, canola oil, corn oil, cottonseed oil, flex oil, soy oil, peanut oil, sunflower oil, 
rapeseed oil and algae. It can be used as an additive to reduce vehicle emissions or in its pure form as a renewable 
alternative fuel for diesel engines. In the near future, agricultural residues such as corn Stover (the stalks, leaves, and 
husks of the plant) and wheat straw will also be used. Biodiesel is one of the future fuels for the engines that help to 
reduce the global warming and other harmful pollutants. Converting vegetable oils into their esters of methyl and 
ethyl alcohols is known as Bio-diesel. Ester formation is a possible way to overcome almost all the problems 
associated with vegetable oils. By the process of esterifications the high viscosity of vegetable oils could be brought 
down to acceptable limits. Esters can be produced from oils and fats by 3 methods. I) Base catalyzed trans-
esterifications of oil with alcohol. ii) Direct acid catalyzed esterifications of oil with methanol. iii) Conversion of oil 
to fatty acids and then to alkyl esters with acid catalysts. The first method is preferred because it is economical. The 
conversion of vegetable oil (Triglyceride Esters) to methyl esters through Tran’s esterifications process, this reduces 
the molecular weight to one-third, reducing the viscosity by a factor of 8 and increasing the volatility. Vegetable oil 
is mixed with alcohol, NaOH as catalyst. The mixture is heated and maintained at 650C for one hour, while heating, 
the solution is stirred continuously with stirrer. Two distinct layers are formed, the lower layer is glycerine and the 
upper layer is ester. The upper layer is separated with moisture and the ester is removed by using calcium chloride. 
It is observed that 90% of ester is obtained from vegetable oil. Experimental research has been done on various 
blends of gasoline and ethanol, and results have shown that 7.5% addition of ethanol was the best suitable for SI 
engine with reduced CO emission [3]. Biodiesel reduces particulate, carbon monoxide, and sulphur dioxide 
emissions compared to diesel fuel. 
             Lignocellulose is an important structural component of woody plants and consists of cellulose, 
hemicelluloses, and lignin. The cellulose molecules, which are polymers with six carbon sugars linked in long 
chains, and five carbon sugar chains called  hemicelluloses, are reinforced  by cross  linked organic  molecules 
called  lignin. This structure is very difficult for microbes to break down into simple sugars. In order  to  exploit  the  
structural  sugars  from  plant  fibers  for  bio ethanol,  the  recalcitrance  of biomass must be overcome in a way that is 
cost competitive in current markets. The kind of cost- reducing measures that bio-refineries are working towards are 
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efficient de-polymerization of cellulose and hemicelluloses, efficient fermentation (including pentose and hexose 
sugars) that can handle inhibitory compounds, optimizing process integration, and a cost efficient use of lignin 
[18,19]. Table1 shows the composition of different biomass. 
 
                               Table 1. Effect of pH on glucose content of sugarcane baggase 
 
Lignocellulosic substrate Cellulose (%) Hemicellulose (%) Lignin (%) 
Sugarcane bagasse 45 35 15 
Wheat straw 30 50 15 
Rice straw 32.1 24 18 
Rape straw 33.4 30 17 
Rice bran 30.4 22 16 
Wheat bran 31.3 23 17.5 
 
In recent years, bio fuels producers have achieved significant improvements in crop production and processing 
efficiencies and today the volume of bio fuels produced in a specific planted area is several times higher than it used 
to be. Improved production methods and technologies are expected to increase efficiencies even further. In a 
simplified way, bio fuels can be sub-divided into two large categories: substitute for diesel (biodiesel) and substitute 
for petroleum (ethanol). This division is based on the key properties of the two products. On the one hand, biodiesel 
(which replaces diesel in cars) is produced from oil rich plants (e.g. rapeseed, sunflower, algae, etc.) by mixing the 
vegetable oil (90%) with methanol (10%) in the process called trans-esterifications. On the other hand, bio ethanol 
(which replaces petrol in cars) – also known as alcohol - is produced through the fermentation of sugar from cereals 
(wheat, maize, etc.) or sugary feedstock’s (sugarcane, sugar beet). Since biodiesel is derived from vegetable oils or 
animal fats made up of esters, these vegetable oils are renewable biological sources. It has been reported that they 
emit substantially lower quantity of harmful pollutants compare to conventional diesel; Researchers also found that 
comparable engine performance with diesel was achieved at relatively lower emission [4, 5]. The merits of using 
biodiesel instead of conventional diesel are has comparable energy density, cetane number, heat of vaporization, and 
stoichiometirc air /fuel ratio [6]. Biodiesel is also non-toxic and rate of biodegradation is much faster than 
conventional diesel. Green house gases effects were least in case of biodiesel [7, 8]. 
           Use of Bio ethanol in motor engines is beneficial to the environment, because it produce CO2 from 
combustion engines which is absorbed by plants these plants provide lignocelluloses, which turns in ethanol as 
shown in Fig: 1, it is a recycle process which helps to control global warming and air pollutants. Another 
environmental benefit of ethanol as a fuel is that the emission of carbon monoxide, nitrogen oxides and 
hydrocarbons in general is less compared to gasoline [9]. However, ethanol-containing fuels will contribute to an 
increased emission of formaldehyde and acetaldehyde [10]. Nevertheless, the environmental damage caused by 
reactive aldehydes is far less than that of poly-nuclear aromatic compounds, which are emitted when gasoline is 
combusted [9]. 
 
Figure: 1 Production of ethanol from lignocelluloses 
 
The choice of microorganism and strain is very important not only for high sugar utilization, ethanol tolerance, and 
ethanol producing properties, but also for the robustness and the ability to withstand inhibitors. The selection of 
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microorganism may be influenced by its ability to ferment pentose sugars. The fraction of pentose sugars is 
generally low in softwood hydrolysates, but if hardwood or agricultural residues are considered, the ability to 
ferment Pentoses becomes more important. There are several naturally occurring microorganisms that can utilize 
pentoses. E. coli is a natural pentose fermented, but it gives low ethanol yields. This problem has been addressed by 
genetic engineering to increase the ethanol production. S. cerevisiae and Z. mobilis are excellent ethanol producers, 
but they are unable to metabolize Pentoses. Recombinant strains that are able to utilize pentose sugars have been 
developed for both Z. mobilis and S. cerevisiae studied by [11, 12]. However, the genetically engineered pentose-
fermenting S. cerevisiae strains have not yet been especially successful; this is due to problems like low pentose 
fermentation rates, low ethanol yields, and redox imbalances [13]. 
2. Material and Methods 
2.1. Material 
Wheat bran, sugarcane bagasse, Rice bran and rape straw were used for the treatment process. Before pretreatment 
these biomasses are reduced in to smaller particles after milling and crushing (particle size <180 μm). Glucose was 
obtained from hydrolysis of wheat bran, sugarcane bagasse, Rice bran and rape straw. After the hydrolysis 
hydrolyzed biomass were kept at 18°C until use [14]. 
2.2. Dilute acid pretreatment 
For the comparative result equal amount of biomasses were pretreated in two ways one is acid treatment where 2-
3% acid (H2SO4) was used for the pre-treatment method. In this content acid soaked biomass slurry was autoclaved 
at 1210C for 30 minutes. To separate the solid and liquid fraction centrifuge method was used. The dilution and pH 
was maintained at 5 by adding alkali of centrifuged biomass before fermentation process.   
2.3. Enzyme Pretreatment 
150 g of each biomass were suspended in 500 mL H2O in ratio of 3:10 (w/v) sugarcane bagasse and added of 0.1 
mL of α-amylase enzyme. The pH of sample was adjusted at pH 5, 5.5, and 6. The sample was incubated in water 
bath 100°C for 30 minutes, after that the mixture was applied for second enzymatic treatment (0.2 ml of 
glucoamylase). Finally, hydrolzsate was pressed through cheese cloth. The amount of reducing sugar in juice was 
measured.  
2.4. Fermentation 
The pre-treated samples from 2.2 and 2.3 were carried out for fermentation experiments. The yeast S. cerevisiae was 
used for fermentation (1.5g, 3.0g, and 4.5g). After 3 fermentation days the ethanol content was measured by gas 
chromatography. All the measurements were duplicated and the data reported are average of two replications. Yeast 
S. cerevisiae was also used with Pitchia stipititis for both the fermentation of pentose and hexose. Equal amount of 
both the yeast and P. Stipititis were taken for the efficient hydrolysis and fermentation of both Pentoses and hexoses 
sugar present in the hydrolyzed. 
3. Result and Discussion 
3.1.  Effect of enzyme pre-treatment methods on glucose content of sugarcane baggase 
For the maximum production of ethanol hydrolyzed biomass (both acid and enzyme pretreated) were fermented at 
different ph scale, after fermentation the maximum result was obtained at pH 5 for the sugarcane bagasse. From the 
Table: 2, it is clear that, increasing pH showed reverse effect on glucose concentration in sample. This is expected 
because of conversion of carbohydrate to glucose [15]. The highest glucose up to 23.35 % glucose on the sugarcane 
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bagasse basis could be obtained on pH 5.  Hence ph 5 at 300C was found optimum for fermentation; hence it was 
taken for all the hydrolyzed biomass for fermentation.   
 
                                                            Table 2. Effect of pH on glucose content of sugarcane baggase 
 
pH Temperature (°C) Glucose (%) 
5 30 23.35 
5.5 30 22.80 
6 30 22.00 
5 40 21.05 
5.5 40 19.43 
6 40 18.95 
3.2. Effect of acid pre-treatment methods on glucose content of sugarcane baggase 
150 g of each biomass were suspended in 500 mL dilute acid of different concentration in the ratio of 3:10 (w/v) 
sugarcane bagasse. The percentage of cellulose converted and the available form of substrate after enzymatic 
hydrolysis of various concentrations of acid pre-treated corncob samples were calculated based on the amount of 
sugar released. The results are presented in the Table 3. The results show that the percentage of cellulose conversion 
increased with the increased concentrations of acid used for pre-treatment and it was also noted that the available 
form of substrate reduced with increased concentrations of acid.  Since maximum sugars were obtained at 3% acid 
pre-treatment (optimum), hence it was used for further pre-treatment of other biomasses.     
 
                        Table 3. Effect of acid pre-treatment on carbohydrate content of sugarcane baggase 
 
Sample Sample-Acid used for Pre-
treatment (%) 
Cellulose 
Conversion (%) 
Available Substrate (%) 
S1 0.5 11.8 88.2 
S2 1.0 12.8 87.2 
S3 1.5 13.6 86.4 
S4 2.0 14.2 85.8 
S5 2.5 15.2 84.8 
S6 3.0 16.0 84 
 
3.3. Fermentation of enzyme treated biomass  
Bio ethanol was produced by using S. cerevisiae and S. cerevisiae in combination with Pitchia stipititis at pH 5 and 
300C. 3.0g of each enzyme were taken which yields maximum ethanol 19.25% by using S. cerevisiae while 26.75% 
was found by using S. cerevisiae and p. stipititis, for sugarcane baggase. It can be seen in Figure 2 that pH 5.0 
tended to give higher ethanol concentration at 300C. Therefore, pH 5.0 was chosen for ethanol fermentation. This 
was supported by [16].  
 
                      Table 4. Production of Ethanol % (v/v) at 300C and pH 5 of enzyme treated biomass.   
 
Biomass (150g) Sugar (%) Ethanol (%) by  
S.cerevisiae S.cerevisiae & P. stipititis 
Sugarcane baggase 23.35 19.25 26.75 
Wheat Bran  20.74 17.47 21.17 
Rape Straw 22.75 18.09 25.48 
Rice bran 21.03 17.95 24.28 
 
Production of bio ethanol in Table 2 shows that pH 5 at temperature 60°C had higher quantities of bio ethanol 
produced and bio ethanol content of 19.25%, 17.47%, 18.09%, 17.95% (v/v) was recorded maximum for bagasse, 
wheat bran rape straw and rice bran. This confirms that the higher sugar content in the juice, the more bio ethanol 
can be produce which was also found similar according to the [17].  It was observed that the sugar content was 
directly proportional to the quantities of the ethanol collected. Therefore, the higher the sugar content, the more the 
ethanol can be produced [17]. By using Pitchia stipititis in combination with S. cerevisiae maximum ethanol was 
found 26.75%, 21.17%, 25.48% and 24.28% for sugarcane bagasse, wheat bran rape straw and rice bran.  The high 
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yield of ethanol production is due to the conversion of pentose sugar by P. stipititis, because S. cerevisiae is only 
able to ferment hexose sugar as shown in fig: 2 
Fig. 2 Production of Ethanol % (v/v) at 300C and pH 5from enzyme treated biomass 
3.4. Fermentation of acid treated biomass 
The feasibility of bio-alcohol production of cellulosic wastes especially sugarcane baggase was made in this study. 
From the previous studies it was noted that increased acid concentration used for the pretreatment purpose enhanced 
the sugar release during enzymatic hydrolysis. Fermentation studies also proved that increased acid concentration 
yielded more amount of alcohol.  
 
                   Table 5. Production of Ethanol % (v/v) at 300C and pH 5 of acid treated biomass.  
 
SN. Types of biomass samples Ethanol %(v/v) by 
S.cerevisiae S.cerevisiae & P. stipititis 
1 Sugarcane baggase 24.25 35.38 
2 Wheat Bran  21.47 31.25 
3 Rape Straw 23.95 34.37 
4 Rice bran 23.05 33.98 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Production of Ethanol % (v/v) at 300C and pH 5from Acid treated biomass 
 
Alcohol content of about 25.38% (Table 5) was detected in the 72 hours of fermentation broth containing the 
hydrolysed sample pretreated with 3% sulphuric acid. This study proved that sugars released by means of enzymatic 
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hydrolysis of pretreated bagasse are of fermentable category and alcohol can be produced efficiently using a suitable 
fermenting strain Saccharomyces cerevisiae. Table-5 represents the total Ethanol Production from the kinds of 
agricultural wastes. The comparative study of production of ethanol from acid treated and enzyme treated biomasses 
are presented in Fig. 3. Maximum ethanol was found by acid treatment than enzymatic treatment because in acid 
treatment both Pentoses and hexoses sugar was present.     
         It is clear from the fig.2 and fig.3 that acid treated biomass yields maximum ethanol but there may be chance 
of formation of inhibitors so that experiments were done very carefully. The maximum ethanol was counted as 
35.38% for sugarcane bagasse by fermentation with S.cerevisiae & P. stipititis of acid treated, while in case of 
enzyme treated biomass it was 26.75%. 
4. Conclusion 
If bio fuels continue their rapid growth around the globe, the impact on the agricultural sector can be significant. 
Increased jobs and economic development for rural areas in both industrialised and developing countries is one 
possibility, if governments put the appropriate policies in place and enforce them. The more involved farmers are in 
the production, processing, and use of bio fuels, the more likely they are to benefit from them. It can be concluded 
that it is possible to successively use sugarcane bagasse, wheat bran and rape straw for bio ethanol. Enzyme 
treatment at 30ºC and pH 5 is an effective treatment method for converting biomass to glucose. Up to 23.35% 
glucose v/v could be achieved after enzyme treatment. Fermentation of enzyme treated biomasses shown that 
glucose after 3 days fermentation the maximum bio ethanol of 19.25% (v/v) was attained by S. cerevisiae and 
26.75% by S.cerevisiae & P. stipititis, while Fermentation of acid treated biomasses shown that reducing sugar after 
3 days fermentation the maximum bio ethanol of 24.25% (v/v) was attained by S. cerevisiae and 35.38% by 
S.cerevisiae & P. stipititis. Production of bio ethanol has been considered to be one of economical way for the 
utilization of rice bran. So the manufacture of glucose could easily be undertaken as an additional source of income.          
             Biofuels can play a significant role in the context of a broader transformation of the transportation sector but 
alone they will not solve all of the world’s transportation-related energy problems. To achieve their full potential in 
providing security of supply, environmental and social benefits, bio fuels need to represent an increasing share of 
total transport fuel compared to oil. While it is recognised that bio fuels have the capacity to reduce greenhouse gas 
emissions compared to fossil fuels, their production and use are not entirely without environmental implications. 
Depending on the crop type and other factors, carbon emissions are not always lower than for traditional fuels. 
Production of biofuel from biomasses has recycle process to keep the environment green and safe from the reduction 
of harmful gases. On a small scale, biofuels are currently produced from Lignocelulosic waste and algae with 
relatively large greenhouse gas savings compared to fossil fuels, of around 70%. Hence biofuel production and its 
utilization technologies must be a one of the way and more efficient in terms of net lifecycle greenhouse gas (GHG) 
emission reductions while at the same time biofuels are socially and environmentally sustainable. 
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